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Patients return years later with a more proximal aneurysm
when a section of infrarenal aorta is left between the renal
arteries and the proximal anastomosis. The frequency and
extent of this problem are not well known and depend
on, at least in part, the use or lack thereof of abdominal
imaging in the routine follow-up of patients after opera-
tion.4 The clinical significance of such dilatation after
endovascular grafting is obviously quite critical, espe-
cially if the endograft relies primarily on radial force and
friction to keep the seal and to prevent migration. The
comprehensive follow-up and frequent imaging of endo-
luminal grafts during clinical trials provide an opportu-
nity to study this problem more carefully. Most studies of
the proximal neck have so far suffered from small num-
bers of patients or relatively short follow-up periods.7-11
Although most have described neck enlargement to a
variable degree, the findings are not uniform and could
not be reproduced by all.9 Clinical implications are also
difficult to derive from these small reports. This study
aims to review neck size changes over a mid-term follow-
up of a large number of patients who were treated with an
endograft.
METHODS
All patients entered in the tube and bifurcated multi-
center Food and Drug Administration (FDA)–approved
trials of the Ancure endovascular grafting system (Guidant
Cardiac and Vascular, Menlo Park, Calif) were assessed.
Patients were entered at 22 medical centers between late
1995 and August 1998, after signing an informed consent
Endovascular exclusion of abdominal aortic
aneurysms (AAAs) is gaining wide acceptance among
physicians and patients alike. Early results have been
promising, although some recent reports of late outcomes
justify some concern about the long-term stability of the
repair when proximal fixation is not secure.1 A proximal
seal at the aortic neck is essential to maintain proper exclu-
sion of the AAA from circulation and to avoid rupture.
Gradual enlargement of the aortic neck may cause a loss of
this seal with subsequent complications (such as migration
of the endoprosthesis, renewed exposure of the AAA to
systemic arterial pressure, and possible rupture).2
Information about the fate of the proximal aortic
neck is sparse, and the long-term security of endovascular
fixation at that level is unknown. Even after open surgical
repair of AAA, aortic necks are known to dilate.3-6
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Purpose: The purpose of this study was to evaluate the extent and frequency of dilatation of the proximal aortic neck over
time after endovascular exclusion of abdominal aortic aneurysms and the effect on the continued integrity of the repair.
Methods: Patients enrolled in the multicenter tube and bifurcated trials of the Guidant–Endovascular Technologies
Ancure endografting system and at least 1 year of follow-up were reviewed. Neck diameter measurements were obtained
from computed tomography scans that were obtained with and without contrast by an independent core laboratory facil-
ity. The diameter was considered to be the minor axis of the first slice at which point at least one half of the proximal
attachment frame was located. A change exceeding 2.5 mm was considered to be significant.
Results: At 1 year, 13% of the patients (42/314 patients) showed evidence of proximal neck dilatation, with a mean diam-
eter increase of 4.8 ± 2.4 mm. The proportion of patients with dilatation increased to 21% at 2 years (48/226 patients)
and 19% at 3 years (11/59 patients). The initial presence of an endoleak, the neck length, and the aneurysm size had no
clear effect on the development of neck enlargement. Initial neck diameter was inversely related to and the strongest pre-
dictor of later dilatation. Graft oversizing was not an independent predictor of neck dilatation on multivariate analysis.
Only one migration of the proximal attachment system was observed during follow-up.
Conclusion: Most proximal aortic necks remain stable, but approximately 20% of necks increase in diameter by 2 years.
Smaller necks dilate more often than larger ones. This effect is independent from the frequent oversizing of grafts in
smaller necks. The integrity of the repair remains good at 3 years of follow-up. (J Vasc Surg 2001;33:S39-45.)
form. Follow-up imaging consisted of computed tomog-
raphy (CT) scans obtained with and without contrast and
3 to 5 mm acquisition, Duplex color flow ultrasound
scans, and abdominal radiography at discharge and at least
once each year thereafter. Independent observers at a cen-
tral core laboratory facility reviewed all postoperative stud-
ies. Patients with at least a 1-year follow-up CT scan
assessment by the core laboratory were selected for further
analysis.
The diameter of the proximal aortic neck was mea-
sured as the minor axis of the first CT slice that contained
at least one half of the circumference of the proximal
attachment system. A diameter change exceeding 2.5 mm
between the measurement at discharge and later evalua-
tions was considered to be significant (Fig 1). The distance
of that slice to the most caudal renal artery was used to
assess migration, which was defined as a movement of the
attachment of two or more slice thickness. Presence or
absence of endoleak was assessed from either the CT or
Duplex scan findings. The size of the AAA for this study
was judged to be the surface area of the largest slice
through the aneurysm.
Statistical analysis was performed with an SAS system
6.12 by C.L. McIntosh consultants (Rockville, Md). The
frequency of neck dilatation was compared among various
groups with a two-sided Pearson chi-squared analysis to
determine the significance of observed differences. Scatter
plots were analyzed with a Pearson correlation module.
Univariate and multivariate analysis was conducted for
variables associated with neck size change with the mod-
ule. Means were compared by a Student t test.
RESULTS
The multicenter phase II and phase III trials of the
Ancure tube and bifurcated devices enrolled over 700
patients before FDA approval of the devices in September
1999. Completed CT scan reviews from the core labora-
tory were available for 314 patients at 1 year, 226 patients
at 2 years, and 59 patients at 3 years; these form the basis
of this report. The remaining patients have not reached
the 1-year follow-up threshold.
Neck dilatation over time. At 1 year, 42 of 314
patients (13.4%) showed evidence of neck enlargement;
the conditions of 237 patients (75.5%) remained stable,
and 35 patients (11.1%) showed an actual decrease in the
measured proximal neck diameter. By 2 years, the propor-
tion of patients with measurable growth of the neck
increased to 48 of 226 patients (21.2%; P = .016, vs 1
year). The frequency of this observation was essentially
unchanged at 3 years, without a further increase in this
finding (Table I). The mean increase of the neck diameter
among patients who exhibited the dilatation was similar at
all three time periods: 4.8 ± 2.4 mm at 1 year, 4.5 ± 2.6
mm at 2 years, and 4.1 ± 1.4 mm at 3 years.
Among 30 patients who were noted to have a signifi-
cant neck enlargement at 1 year and who had a second
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Table I. Frequency of neck dilatation at 1, 2, and 3 years among various groups by univariate analysis
Year
1 2 3
All patients (%) 42/314 (13.4) 48/226 (21.2) 11/59 (18.6)
Tube (%) 21/124 (17) 27/87 (31) 8/38 (21)
Bifurcated (%) 21/190 (11) 21/139 (15) 3/21 (14)
P value NS <.01 NS
Diameter at discharge
≤19 mm (%) 8/12 (67) 8/10 (80) 4/5 (80)
19-25 mm (%) 31/204 (15) 34/143 (24) 5/35 (14)
≥25 mm (%) 3/98 (3) 6/73 (8) 2/19 (10)
P value <.001 <.001 <.001
Endoleak at discharge (%) 19/140 (13.6) 22/103 (21) 4/21 (19)
No endoleak (%) 23/174 (13.2) 26/123 (21) 7/38 (18)
P value NS NS NS
Neck length
< 2 cm (%) 15/89 (17) 15/59 (25) 3/13 (23)
> 2 cm (%) 25/210 (12) 33/152 (22) 6/39 (15)
P value NS NS NS
Oversizing
<10%(%) 20/149 (13) 18/102 (18) 4/21 (19)
10%-20%(%) 14/92 (15) 19/67 (28) 4/20 (20)
20%-30%(%) 2/32 (6) 8/21 (38) 1/5 (20)
P value NS .038 NS
AAA size
<3000 mm2 (%) 38/271 (14) 41/200 (20) 10/53 (19)
>3000 mm2 (%) 4/43 (9) 7/26 (27) 1/6 (16)
P value NS NS NS
NS, Not significant.
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assessment at 2 years, only 18 patients (60%) were still
considered to have dilatation compared with discharge
measurements. Twelve patients now had neck sizes not
considered significantly different from discharge, which
illustrates either the difficulty of accurate measurements or
the gradual remodeling of the neck to the attachment
frame. Many measurements were close to the arbitrary
2.5-mm cutoff and fell on one side or the other between
measurements.
The average neck diameter of all patients was 23.6 ±
2.7 mm at discharge, which is larger than the preoperative
measurement of 22.0 ± 2.4 mm (P = .0001). This was
likely due to the attachment system, ballooning during
deployment and the inclusion of the hooks in the post-op
measurement. During late follow-up, the average neck
diameter increased to 24.3 ± 2.9 mm at 1 year (P = .001,
vs discharge). The mean diameter was 24.6 ± 3.1 mm at 2
years (P = .0001, vs discharge) and 24 ± 3.2 mm at 3 years
(P = .28, vs discharge).
Determinants of growth. The effect of graft config-
uration (tube vs bifurcated), initial neck diameter, neck
length, aneurysm size, oversizing of the graft, and initial
presence of endoleaks on the frequency of neck dilatation
is shown in Table I.
Neck diameter. The only significant variable during
both univariate and multivariate analysis was the initial
neck diameter. Small necks under 19 mm in diameter had
an 80% likelihood of dilating by 2 years although necks
that exceeded 25 mm in diameter were 10 times less likely
to show neck enlargement during the same time. To avoid
an error because of artificial selection of 19 and 25 mm as
separation of groups, all individual diameter changes were
Fig 1. CT scan at discharge (A) and 2 years later (B) show a neck dilatation of 5 mm.
A
B
correlated to the initial neck diameter with the use of a
scatter plot. The correlation between the change in neck
size and the initial neck diameter was highly significant at
all time periods (Fig 2).
Graft oversizing. Graft oversizing showed no signifi-
cant correlation with neck dilatation, except at the 2-year
evaluation. Because it is more common to oversize small
necks, the relationship between the two variables was
investigated further with the use of scatter plots. A signif-
icant correlation was noted between the oversizing of the
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Fig 2. Change in neck diameter at 1 year (A) and 2 years (B), as a function of initial neck size.
A
B
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graft and the initial neck size both before operation (R =
–0.67; P < .0001) and at discharge (R = –0.23; P <
.0001). Because neck diameter was highly correlated with
dilatation, a multivariate analysis was undertaken that
revealed no independent correlation between graft over-
sizing and dilatation at all three time periods. Most of the
effect of oversizing seems to be related to the initial diam-
eter of the neck.
AAA size. The initial AAA size was found to have no
impact on the likelihood of the neck to dilate over time.
Rates of dilatation were similar between large and small
aneurysms. However, when AAA behavior was analyzed in
patients with neck dilatation, an unexpected trend
emerged. Six of 48 patients (13%) with neck dilatation at
1 year also exhibited simultaneous AAA enlargement
(defined as >5-mm increase in diameter by CT). Only one
of 178 patients (0.6%) with no neck dilatation at 1 year
showed AAA expansion (P < .0001). Essentially identical
findings were noted at 2- and 3-year follow-up. This was
not a uniform finding, because several patients experi-
enced the development of neck dilatation in conjunction
with a significant reduction in the size of the AAA, even to
the point of complete collapse.
Other variables. The configuration of the graft had
no influence on dilatation at the 1- and 3-year periods.
Patients with tube grafts, however, seemed to have a
higher rate of dilatation at 2 years. This was not proved to
be an independent variable by multivariate analysis.
Endoleaks at discharge or at any time period, similarly, did
not show any correlation to neck dilatation. Conversely,
no new endoleaks were noted in patients with dilatation.
Neck length before implantation was also unrelated to
Fig 3. CT scans of the only patient with migration, at the level of the hooks of the proximal attachment system at discharge (A) and 1
year (B). The hooks migrated 10 mm between the two scans.
A
B
diameter enlargement. Necks that are longer or shorter
than 2 cm had similar rates of expansion.
Migration. Of all the patients enrolled in the phase II
and phase III trials, only one patient has so far shown evi-
dence of caudad migration of the proximal attachment sys-
tem. The migration of 10 mm at 1 year and 20 mm at 2
years has been associated with neck dilatation (Fig 3). A
recently obtained 3-year follow-up reportedly shows no
change from the 2-year status. No endoleaks or AAA
expansion has so far been noted in association with this
migration. Analysis of the neck at implantation indicates
that it had a reverse funnel shape with a 5-mm difference
between the diameter at the level of the renal arteries and
the diameter 15 mm lower. The extent of dilatation of the
neck at the renal artery level was 4.2 mm at 2 years. At the
same follow-up, the dilatation of the neck 15 mm distally
was 6.5 mm. The initial shape of the neck and subsequent
dilatation were felt to be the cause of the migration.
DISCUSSION
The concept of endovascular aneurysm repair relies
heavily on the ability of the endograft to maintain a long-
term seal at the infrarenal aortic neck, which prevents a
type I endoleak at that location. Aortic neck enlargement
over time may prove to be detrimental by losing the seal
and allowing reperfusion of the AAA and possible migra-
tion of the endograft.2 Obviously, this conceptual problem
depends considerably on the magnitude of dilatation and
the type of seal and fixation at the proximal aortic neck.
Endografts that rely on radial force might be expected to
behave differently from those that rely primarily on active
transmural fixation.
The magnitude of dilatation of the proximal aortic
neck has been previously estimated from the change in
mean diameter of all treated patients over time.8-10
Although statistical significance may be achieved, the
extent of dilatation derived from comparison of neck size
means cannot be translated into clinically useful measure-
ments. It may also obscure the fact that neck dilatation is
not a universal phenomenon among aneurysms that are
treated with an endovascular graft. We found that only
21% of patients exhibited neck dilatation at 2 years,
although actually approximately 11% of patients had a
reduction of neck diameter at 1 year. The variability of this
phenomenon is probably related to the elastic properties
of the aortic neck and highlights the difficulty of inter-
preting data obtained solely from comparisons of all
patients who have undergone implantation. The mean
diameter of our entire group increased only by 1 mm at 2
years; the group with neck dilatation had a mean increase
of 4.5 mm.
The methods used in our review are also different
from others in many respects. Our data were entirely
obtained by independent observers in a core laboratory
with all its pros and cons. Although reporting was obvi-
ously more objective, the observers had access only to
hard copies of the CT scans without the ability to change
windows, to view noncopied information, or to obtain
reconstructions perpendicular to the center line. The use
of the minor axis in this context as a diameter indicator is
the most accurate representation of true dimensions and
change over time. Wever et al7 have used the surface area
of a perpendicular reconstruction to follow-up on neck
sizes. Although the perpendicular sections offer an advan-
tage in true representation of the neck size, the use of the
area tends to considerably overestimate the magnitude of
the change. Diameter measurements remain more clini-
cally relevant in the selection of endograft sizes and plan-
ning treatment. The arbitrary selection of a 2.5-mm
diameter increase to represent significant dilatation of aor-
tic necks was chosen to reflect a 10% increase in average
baseline measurements similar to the 5-mm increase in the
AAA size used in most FDA-approved protocols of this
technology. This change is probably clinically significant
and avoids most measurement errors and interobserver
variability, especially comparing two studies obtained at
least 1 year apart. The definition of which CT slice to use
is again arbitrary but ensures comparisons of similar areas
at the site of attachment of the hooks, which is the most
clinically relevant area to follow. This, however, intro-
duced some difficulty in cases with tortuous neck anatomy
and obviously may not represent true neck dilatation in
the case of the only patient with a migration.
The significant inverse correlation of neck dilatation
with the initial neck diameter is being reported for the first
time after endovascular repair. Most previous reviews
found no such relationship, probably as the result of
smaller sample sizes and shorter follow-up times. Lipski
and Ernst,3 however, reported a similar relationship in
patients after open repair, which suggests a basic tendency
of smaller necks to expand. Ilig et al5 noted a tendency of
necks that exceeded 27 mm to dilate to over 30 mm over
the 5-year period after open repair. Both targets, however,
are outside the usual range described in this review. 
The first notable increase in neck diameter is usually
immediately after implantation of the endograft because of
accommodation to the device, ballooning at deployment,
and most importantly artifactual inclusion of the penetrat-
ing hooks in the discharge measurement compared with
the preoperative measurement. To avoid this source of
error, all subsequent measurements were compared with
discharge sizes. The frequency of dilatation and the
absolute change were strongly correlated with initial neck
diameter. Why smaller neck diameters should be more
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prone to growth than larger ones after endovascular graft-
ing is not easy to answer. The cause most likely relates to
the elastic properties of the neck with different relative
proportions of collagen and elastin fibers in necks of dif-
ferent sizes.
The observed neck dilatation in smaller necks may, at
first glance, be assumed to be due to graft oversizing. It
would be reasonable to expect that larger grafts will exert
more radial force and result in further dilatation. This was
not found to be the case by multivariate analysis, which
revealed no correlation of graft oversizing and neck
enlargement. The lack of correlation in this study may be
due to the particular design of the Ancure proximal
attachment system, which is easily deformable and may
not exert significant radial force. Thus, this finding may
not be applicable across all endografting systems. Similar
evaluations of neck dilatation with other devices that exert
higher radial force may uncover a more direct association
of graft oversizing and later neck enlargement.
Neck length, endoleaks, and AAA size had no correla-
tion with later proximal neck dilatation, a finding that is
very similar to other reports.7,8 However a curious finding
that is deserving of future follow-up is that a high propor-
tion of aneurysms that increased in size during the period
of observation also exhibited neck dilatation. This associa-
tion may point to a causal relationship between neck
dilatation, poor sealing, and transmission of endotension
to the AAA wall.
The implications of our findings as they relate to the
long-term integrity of the repair are so far reassuring.
Most patients show no neck dilatation, and some
aneurysms even exhibit some shrinkage over time. Among
those patients who experience the development of neck
dilatation, migration has been rare. This is likely due to the
active transmural fixation of the Ancure graft, because oth-
ers have reported a high migration potential with neck
enlargement in the absence of such fixation.2 Most of the
changes have also been noted to occur in the first 2 years,
with no further increase in the frequency of dilatation at 3
years. This may imply that the dilatation is an early adjust-
ment to the attachment system that reaches a steady state
after 2 years. If this finding is corroborated in future fol-
low-up evaluations, concerns regarding neck dilatation
might be less onerous than previously thought, at least
when a system with proximal fixation to the neck is used.
In conclusion, proximal neck dilatation occurs in
approximately 20% of patients after endovascular repair of
AAA. This does not seem to be a cause for concern during
the first 3 years, at least, in patients who were treated with
the Ancure endograft. Additional follow-up will be impor-
tant to assess the clinical significance of this finding.
We thank Maria Decker, MD, from Guidant Corporation
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help with the statistical analysis, and all the Endovascular
Technologies investigators at 22 centers for enrolling their
patients and allowing this review.
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